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(54) Washing method and washing apparatus utilizing low frequency oscillation. 



A washing method and a washing apparatus 
capable of obtaining a washing or cleaning 
effect by mechanical energy obtained by cavi- 
tation phenomena or nonlinear oscillation of 
micro air bubbles generated during the reso- 
nance of a multi-phase medium using low fre- 
quency waves. The resonance phenomenon 
becomes accelerated and unifomn by virtue of 
the injection of air bubbles in the tub or the 
provision of a sonic or ultrasonic oscillation 
unit, thereby enabling a superior washing per- 
formance to be obtained. Since the present 
invention eliminates use of any pulsator, it is 
possible to considerably reduce the phenome- 
non that clothes get twisted or tangled. As a 
result few damage of clothes is generated. 
Moreover, the electric power consumption in 
washing or cleaning is greatly reduced. 
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BACKGROUND OF THE INVENTION 

The present invention reiates to a washing meth- 
od and a washing apparatus utilizing low frequency 
osciilation wherein a washing is carried out by use of 
muiti-phase medium consisting of water, detergent 
and air and being subjected to a resonance phenom- 
enon at a specific frequency. 

Generally, a washing machine includes a pulsa- 
tor rotatable mounted at the lower portion of a wash- 
ing tub and a motor mounted on a base of the machine 
and adapted to rotate the pulsator. As the pulsator ro- 
tates by repeated normal and reverse rotations of the 
motor at a speed reduced by a speed reducing mech- 
anism, a washing water in the washing tub produces 
a heart water flow or a rotated water flow. Clothes 
contained in the washing tub are moved by the water 
flow. During the movement of clothes, friction gener- 
ates to carry out a washing. Such a washing machine 
is of the washing type utilizing the intensity or move- 
ment of water flows. In this type, an washing effect is 
obtained by a combination of a mechanical energy of 
the shear force of fluid, the bending movement and 
f rictlonal action of clothes with a chemical effect of a 
detergent. 

However, such a conventional washing machine 
has the following problems: 

First, clothes contained in the washing tub get 
easily twisted or tangled due to repeated agitating op- 
erations, namely, repeated normal and reverse rota- 
tions of the pulsator. As a result, a severe damage of 
clothes may occur. 

Second, the solubility of the detergent achieved 
by the water flow is low. As a result, the consumption 
of the detergent is excessive, thereby resulting in con- 
tamination of rivers. 

Third, clothes may be stained with the detergent 
not solved after the washing operation. The stained 
detergent may injure the user's skin. 

Finally, a larger quantity of washing water and a 
more lengthened washing time are required for re- 
moval of the detergent not solved. 

SUMMARY OF THE INVENTION 

Therefore, an object of the invention is to provide 

a washing method and a washing apparatus capable 
of obtaining a washing or cleaning effect by mechan- 
ical energy obtained by cavitation phenomena or non- 
linear oscillation of micro air bubbles generated dur- 
ing the resonance of a multi-phase medium using low 
frequency waves. 

Another object of the invention is to provide a 
washing method and a washing apparatus capable of 
achieving an efficient washing by utilizing a reso- 
nance and yet using a minimum energy required for 
the resonance. 

I n accordance with one aspect, the present inven- 



tion provides a washing method utilizing a low fre- 
quency oscillation, comprising the steps of: pouring 
clothes to be washed Into a multi-phase medium con- 
tained in a tub of a washing machine, said multi.-pha- 

5 se medium consisting of a water, a detergent and an 
air layer; and subjecting the multi-phase medium to a 
low frequency oscillation generated by an oscillator 
such that a resonance phenomenon is generated at 
a resonance frequency of the multi-phase medium so 

10 as to produce micro air bubbles in the multi-phase 
medium, whereby a washing Is carried out by a com- 
bination of a mechanical energy obtained by cavita- 
tion phenomena and nonlinear oscillation of said mi- 
cro air bubbles and a chemical effect of said deter- 

15 gent. 

In accordance with another aspect, the present 
invention provides a washing apparatus comprising: 
a tub containing therein a multi-phase medium con- 
sisting of a water, a detergent and an air layer; a low 
20 frequency oscillator for generating a resonance phe- 
nomenon in said muiti-phase medium contained in 
said tub; and drive means for low frequency oscilla- 
tion for driving said low frequency oscillator. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, features and advantag- 
es of the invention will become more apparent upon 
a reading of the following detailed specification and 
30 drawings. In which: 

FIG. 1 is a schematic sectional view of a washing 

apparatus in accordance with a first embodiment 

of the present invention; 

FIG. 2 is a schematic sectional view of the wash- 
35 ing apparatus of the first embodiment which in- 
cludes an oscillator and a drive unit for low fre- 
quency oscillation both having different con- 
structions from those of FIG. 1; 
FIG. 3 is a schematic sectional viewof a washing 
40 apparatus in accordance with a second embodi- 
ment of the present invention; 
FIG. 4 is a schematic sectional view of the wash- 
ing apparatus of the second embodiment which 
includes a single air injection member and an os- 
45 ciiiator both having different constructions from 
those of FIG. 3; 

FIG. 5 is a schematic sectional view of the wash- 
ing apparatus of the second embodiment which 
includes air injection members and a low fre- 
50 quency oscillator having a modified construction 
from those of FIG. 3; 

FIG. 6 is a schematic sectional view of the wash- 
ing apparatus of the second embodiment in 
which an actuator of the type capable of transmit- 
55 ting mechanical vibrations is used; and 

FIG. 7 is a schematic sectional view of a washing 
apparatus in accordance with a third embodiment 
of the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, there is illustrated a washing 
apparatus in accordance with a first embodiment of 
the present Invention. As shown in FIG. 1, the wash- 
ing apparatus comprises a tub 1 and an oscillator 3 
for low frequency oscillation disposed at the lower 
portion of the tub 1. The osciilator 3 has a drive shaft 

4 which is operatively connected to a drive unit 5 for 
low frequency oscillation for driving the oscillator 3. 
To the drive unit 5, a signal amplifier 6 and a signal 
oscillator 7 are electrically connected. 

The tub 1 has an upper opening which Is closed 
by a seal plate 2. 

The low frequency oscillator 3 which Is disposed 
at the lower portion of the tub 1 may have a flat plate 
shape, a cylindrical shape or other like shapes. 

The drive unit 5 which Is adapted to drive the low 
frequency oscillator 3 may be- a linear motor or an 
electromagnetic actuator. Alternatively, the drive unit 

5 may be an actuator which Is of the type capable of 
transmitting mechanical vibrations using a cam and 
crank mechanism. 

Where the linear motor is used as the drive unit 
5 for low frequency osci Nation, an advantage that the 
overall system can be easily constructed, even 
though the cost is increased. On the other hand, the 
electromagnetic actuator which is inexpensive has a 
disadvantage of causing the overall system to be 
complicated. Taking into consideration these points, 
a proper drive unit may be selected. 

As the linear motor or the electromagnetic actua- 
tor 5 is driven in the washing apparatus of the first em- 
bodiment, the lowfrequency oscillators connected to 
the drive shaft 4 operates and oscillates low frequen- 
cy waves in a predetermined direction or in an inter- 
crossing direction in a three-dimensional space. By 
the lowfrequency waves, a multi-phase medium con- 
sisting of water, detergent and an air layer contained 
in the tub 1 generates a resonance phenomenon. 

By virtue of the resonance phenomenon, micro 
air bubbles are generated In the multi-phase medium 
and they generate cavitation phenomena. The cavita- 
tion phenomena cooperates with a mechanical ener- 
gy generated by non-linear oscillation of the low fre- 
quency oscillator 3 and a chemical effect of the deter- 
gent, thereby achieving an effective washing or 
cleaning. 

In operation, the signal amplifier 6 and the signal 
oscillator 7 operate to make the oscillator 3 generate 
low frequency waves having an oscillating frequency 
band of 10 to 100Hz, an amplitude of 2 to 25mm and 
an angular rotation amplitude of 2 to 10"". They also 
serve to amplify current or voltage applied to the os- 
ciilator 3. 

When the oscillating frequency band of the low 
frequency waves is less than 10HZ, the oscillator 3 



oscillates too rapidly. In this case, a deterioration in 
durability is generated. On the other hand, excessive 
energy is consumed at the oscillating frequency band 
of more than 100Hz. Furthermore, the waves gener- 
5 ated are adversely beyond the resonance band in the 
latter case. 

At the amplitude of less than 2mm and the angu- 
lar rotation amplitude of less than 2'', the resonance 
phenomenon is hardly generated. On the other hand, 

10 the case involving the amplitude of more than 25mm 
and the angular rotation amplitude of more than 10"" 
is also undesirable because of an excessive energy 
consumption, even though there is no problem relat- 
ed to the resonance phenomenon. 

15 Consequently, the reason why the oscillating fre- 
quency band of the oscillator 3 is ranged from 10Hz 
to 1 0OHz is to generate the resonance state. As the 
frequency of low frequency waves generated is in- 
creased in the above frequency band, upper air of the 

20 multi-phase medium in the tub 1 penetrates the water 
against the surface tension of the water and forms air 
bubbles In the multi-phase medium such that the 
formed air bubbles are present throughout the whole 
height of the multi-phase medium, thereby generating 

25 a resonance state. When the oscillating frequency 
range of the oscillator is enlarged under this state, the 
air bubbles disappears from the lower portion of the 
multi-phase medium and then from the resonated re- 
gion. Finally, the multi-phase medium recovers its 

30 original state in which air bubbles are present only at 
the upper portion of the water. As a result, a satisfac- 
tory washing effect can not be obtained. 

FIG. 2 is a schematic sectional view of the wash- 
ing apparatus which includes an osci I later and a drive 

35 unitforlowfrequency oscillation both having different 
constructions from those of FIG. 1. In this case, the 
low frequency oscillator 3 has a container shape. As 
the drive unit for lowfrequency oscillation, an -actua- 
tor of the type capable of transmitting mechanical vi- 

40 brations is used, as different from the case of FIG. 1 
using the linear motor or the electromagnetic actua- 
tor. 

The drive unit includes a motor 14 for generating 

a drive force, a crank 1 5 eccentrically connected to a 
45 shaft of the motor 14, and a cam 16 operatively con- 
nected between the drive shaft 4 of the oscillator 3 
and the crank 15 and adapted to transmit an eccentric 
rotation force from the crank to the oscillator 3. 
The crank 15 has an eccentric amount 8 indica- 
50 tive of the distance between a center line of the crank 
1 5 and a center line of the motor shaft. In accordance 
with the present invention, the eccentric amount 8 is 
1 to 12.5mm. This is because the amplitude of fre- 
quency waves generated from the oscillator 3 is 2 to 
55 25mm. 

When the crank 1 5 rotates eccentrically at an ec- 
centric amount of 28 by the drive force of the motor 
1 4, the eccentric rotation force generated from the 1 5 
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is transmitted to the oscillator 3 through the cam 16, 
so that the oscillator 3 can oscillates in an amplitude 
range of 2 to 25mm. Accordingly, the washing appa- 
ratus of FIG. 2 can operate to achieve the same wash- 
ing effect as that of FIG. 1 . 

Referring to FIG. 3, there is illustrated a washing 
apparatus in accordance with a second embodiment 
of the present invention. In accordance with this em- 
bodiment, air injection members are provided at the 
tub as means for efficiently generating the resonance 
phenomenon of the multi-phase medium so that air 
can be injected Into the tub through the air injection 
members. 

That is, a plurality of air injection members 8 each 
having a plurality of ports are fonned at the lower wall 
and the bottom wall of the tub 1 , as shown in FIG. 3. 
The air injection members 8 are connected to an air 
pump or air compressor 10 by means of an air inlet 
tube 9. To the air pump or air compressor 10, a fre- 
quency controller 11 is connected. 

In accordance with the second embodiment, a 
check valve 12 is also disposed in the air Inlet tube 9. 
The check valve 12 serves to prevent air from re- 
versely flowing in the air inlet tube 9 and prevent the 
multi-phase medium contained in the tub 1 from en- 
tering the air pump or air compressor 10 through the 
air inlet tube 9. 

In operation of this washing apparatus, the air 
pump or air compressor 10 is driven to generate air 
bubbles while the low frequency oscillator 3 oscil- 
lates in the same manner as in the washing apparatus 
of the first embodiment. The generated air bubbles 
are then injected into the tub 1 through the air injec- 
tion members 8. The injected air bubbles are abruptly 
expanded and then oscillated while being gradually 
shrunk, broken, merged into lager ones, or moved. 

The frequency controller 11 oscillates the air 
pump or air compressor 1 0 at the same frequency or 
harmonics as the resonance frequency of the multi- 
phase medium so as to generate air bubbles. Diame- 
ters of air bubbles injected into the multi- phase me- 
dium are determined by the ports of air injection mem- 
bers 8. Preferably, the diameter of each port of the air 
injection members 8 is in a range of 0.5 to 5mm. 

In this case, the size of the air bubbles generated 
is substantially Identical to that of the air bubbles gen- 
erated by the resonance phenomenon caused by the 
oscillation of the low frequency oscillator. At this size 
of the micro air bubbles, the energy required for gen- 
erating the resonance phenomenon is minimized 
while the vibration and the impact energy produced 
by the micro air bubbles are maximized. 

FIG. 4 is a schematic sectional view of the wash- 
ing apparatus of the second embodiment which in- 
cludes a single air injection member and an oscillator 
both having different constructions from those of 
FIG. 3. In this case, the low frequency oscillator 3 has 
a container shape and the air injection member 8 is 



provided only at the lower wall of the tub 1 . The air in- 
jection member 8 is connected to an air pump or air 
compressor 1 0 by means of an air inlet tube 9. To the 
air pump or air compressor 1 0, a frequency controller 

5 11 is connected. 

In this case, the air injection member 8 has a 
curved upper surface and a plurality of radially ex- 
tending ports. With this construction, air bubbles 
emerging from the air injection member 8 are spread 

10 more widely in the tub 1 . 

Other constructions of this case are the same as 
those of FIG. 1 and, thus, detailed description thereof 
will be omitted. 

FIG. 5 is a schematic sectional view of the wash- 
es ing apparatus of the second embodiment which in- 
cludes air Injection members and a low frequency os- 
cillator having a modified construction from those of 
FIG. 3. In this case, the low frequency oscillator 3 has 
a flat plate shape and the air injection members 8 are 

20 provided at the lower wall and one skJe wall of the tub 
1 , respectively. 

FIG. 6 is a schematic sectional view of the wash- 
ing apparatus of the second embodiment In which an 
actuator 1 3 of the type capable of transmitting mech- 

25 anicai vibrations is used, as different from the cases 
of FIGS. 3 to 5 using the linear motor or the electro- 
magnetic actuator. In this case, air injection members 
8 are provided at both side walls of the tub 1. 

The actuator 13 of the type capable of transmit- 

30 ting mechanical vibrations comprises a motor 14 for 
generating a drive force, a crank 15 eccentrically con- 
nected to a shaft of the motor 1 4 to rotate together 
with the motor shaft, and a cam 16 operatively con- 
nected between the drive shaft 4 of the oscillator 3 

35 and the crank 15 and adapted to transmit the drive 
force from the crank 15 to the oscillator 3. 

The crank 15 has an eccentric amount 6 indica- 
tive of the distance between a center line of the crank 
15 and a center line of the motor shaft. In this case, 

40 the eccentric amounts is preferably 1 to 12.5mm. The 
drive shaft 4 vibrates vertically within a distance cor- 
responding to twice the eccentric amount, thereby 
causing the low frequency oscillator 3 to be oscillat- 
ed. 

45 As mentioned above, the air injection members 8 
are disposed only at both side walls of the tub 1. Al- 
though not shown in FIG. 6, this washing apparatus 
also includes an air pump or air compres-sor for sup- 
plying air at the air injection members 8, a frequency 

50 controller and a check valve all of which have the 
same constructions as those of the above-mentioned 
cases. 

Refenring to FIG. 7, there is illustrated a washing 
apparatus in accordance with a third embodiment of 
55 the present invention. In this case, an actuator of the 
type capable of transmitting mechanical vibrations is 
used to oscillate a low frequency oscillator. In place 
of the actuator of the above-mentioned type, of 
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course, a linear motor or an electromagnetic actuator 
may be used, as in the case of FIG. 1 . 

As different from the cases of FIGS. 3 to 6 in 
which the air injection members 8 are provided at the 
tub 1, the washing apparatus of the third embodiment 
includes a drive mechanism 17 for sonic or ultrasonic 
oscillation as means for efficiently generating a res- 
onance phenomenon of the multi-phase medium. The 
drive mechanism 17 oscillates the multi-phase me- 
dium together with low frequency waves. To the drive 
mechanism 17, a signal amplifier 6 and a signal os- 
cillator 7 are connected. 

The drive mechanism 17 for sonic or ultrasonic 
oscillation may be an electromagnetic actuator such 
as a solenoid unit or a linear motor, a speaker system, 
or a piezo electrical transducer (PZT) unit for ultra- 
sonic oscillation. 

Where The PZT unit is used, a magneto strictive 
transducer which is the cunrent type may be used as 
an oscillation source for the PZT unit. Alternatively, 
the oscillation source may be a piezo electrical cer- 
amics or a piezo electrical film which is the voltage 
type. 

Where the electromagnetic actuator is used, a 
permanent magnet may be used as an operating ele- 
ment for oscillating sonic waves. In this case, the per- 
manent magnet is moved as current flows in a coil 
wound around an electromagnetic element, particu- 
larly, a stator. Alternatively, sonic waves may be 
oscillated by flowing cunrent in a moving coil used in 
place of the permanent magnet. 

The signal amplifier 6 and the signal oscillator 7 
both connected to the ultrasonic oscillation mecha- 
nism controls driving of the sonic or ultrasonic oscil- 
lation mechanism so that the oscillation mechanism 
can oscillate in a band of 1 to 50KHz. The signal am- 
plifier 6 and the signal oscillator 7 also serve to am- 
plify cunrent or voltage applied to the sonic or ultra- 
sonic oscillation mechanism. 

When the frequency band of generated waves is 
less than 1KHz, the washing efficiency is degraded. 
On the other hand, the energy consumption is in- 
creased in the frequency band of more than 50KHz, 
even though the same washing efficiency as in the 
frequency band of 1 to 50KHz is obtained. 

As the sonic or ultrasonic oscillation mechanism 
oscillates in the frequency band of 1 to 50KHz, accel- 
erated and uniform cavitation phenomena of micro air 
bubbles having a size of 0.2 to 5mm are generated in 
the tub 1 , thereby minimizing the energy required for 
the resonance as well as maximizing the vibration 
and impact energy generated by the micro air bub- 
bles. 

As apparentf rom the above description, the pres- 
ent invention provides a washing apparatus and a 
washing method capable of obtaining a washing or 
cleaning effect by mechanical energy obtained by 
cavitation phenomena or nonlinear oscillation of mi- 



cro air bubbles generated during the resonance of a 
multi-phase medium using low frequency waves. In 
accordance with the present invention, the resonance 
phenomenon becomes accelerated and uniform by 

5 virtue of the injection of air bubbles in the tub or the 
provision of a sonic or ultrasonic oscillation unit. Ac- 
cordingly, the present invention can obtain a superior 
washing performance over the prior art. 

Since the present invention eliminates use of any 

10 pulsator, it is possible to considerably reduce the phe- 
nonfienon that clothes get twisted or tangled. As a re- 
sult, few damage of clothes is generated. Moreover, 
the electric power consumption in washing or clean- 
ing is greatly reduced. 

15 Although the preferred embodiment of the inven- 
tion have been disclosed for illustrative purpose, 
those skilled in the art will appreciate that various 
modifications, additions and substitutions are possi- 
ble, without departing from the scope and spirit of the 

20 invention as disclosed in the accompanying daim. 

Claims 

25 1. A washing method utilizing a low frequency oscil- 
lation, comprising the steps of: 

pouring clothes to be washed into a multi- 
phase medium contained in a tub of a washing 
machine, said multi-phase medium consisting of 

30 a water, a detergent and an air layen and 

subjecting the multi-phase medium to a 
low frequency oscillation generated by an oscil- 
lator such that a resonance phenomenon is gen- 
erated at a resonance frequency of the multi-pha- 

35 se medium so as to produce micro air bubbles in 
the multi-phase medium, whereby a washing is 
carried out by a combination of a mechanical en- 
ergy obtained by cavitation phenomena and non- 
linear oscillation of said micro air bubbles and a 

40 chemical effect of said detergent. 

2. A washing method in accordance with claim 1, 
wherein said oscillator oscillates in an oscillating 
frequency band of 10 to 100Hz so as to have an 

45 oscillation amplitude of 2 to 25mm. 

3. A washing method in accordance with claim 1, 
wherein said oscillator oscillates in an oscillating 
frequency band of 10 to 1 0OHz so as to have an 

50 rotation amplitude of 2 to 1 0"". 

4. A washing method in accordance with claim 1, 
wherein said oscillator oscillates low frequency 
waves in one direction. 

55 

5. A washing method in accordance with claim 1, 
wherein said oscillator oscillates low frequency 
waves in inter-crossing directions in a three- 
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dimensional space. 

6. Awashing method utilizing a lowfrequency oscil- 
lation, comprising the steps of: 

pouring clothes to be washed into a multi- 5 
phase medium contained in a tub of a washing 
machine, said multi-phase medium consi-sting of 
a water, a detergent and an air layer; and 

subjecting said multi-phase medium to a 
low frequency oscillation generated by an oscil- io 
lator while injecting air bubbles into the multi-pha- 
se medium such that a resonance phenomenon 
is generated at a resonance frequency of the mul- 
ti-phase medium so as to produce micro air bub- 
bles in the multi-phase medium, whereby a wash- is 
ing is carried out by a combination of a mechan- 
ical energy obtained by cavitation phenomena 
and nonlinear osci llation of said micro air bubbles 
and a chemical effect of said detergent 

20 

7. A washing method in accordance with claim 6, 
wherein said oscillator oscillates in an oscillating 
frequency band of 10 to 100Hz so as to have an 
oscillation amplitude of 2 to 25mm. 

25 

8. A washing method in accordance with claim 6, 
wherein said oscillator oscillates in an oscillating 
frequency band of 10 to 100Hz so as to have an 
rotation amplitude of 2 to 10°. 

30 

9. A washing method in accordance with claim 6, 
wherein said oscillator oscillates low frequency 
waves in one direction. 

10. A washing method in accordance with claim 6, 35 

wherein said oscillator oscillates low frequency 
waves in inter-crossing directions in a three- 
dimensional space. 

11. A washing method in accordance with claim 6, 40 
wherein said air bubbles injected into said multi- 
phase medium have a diameter of 0.5 to 5mm 
such that the washing is carried out by a variation 

in diameter of the air bubbles. 

45 

12. A washing method in accordance with claim 6, 

wherein said injection of the air bubbles into the 
multi-phase medium is carried out by an air pump 
or an air compressor at the same frequency or 
harmonics as the resonance frequency of the so 
multi-phase medium. 

13. Awashing method in accordance with claim 6 or 
daim 11, wherein said injection of the air bubbles 

into the multi-phase medium is carried out at all ss 
parts of a peripheral surface of said tub. 

14. Awashing method in accordance with claim 6 or 



claim 11 , wherein said injection of the air bubbles 
into the multi-phase medium is carried out at a 
lower portion of said tub. 

15. Awashing method in accordance with claim 6 or 
claim 1 1 , wherein said injection of the air bubbles 
into the multi-phase medium is carried out at all 
parts of a peripheral surface and a lower portion 
of said tub. 

16. Awashing method in accordance with claim 6 or 
claim 1 1 , wherein said injection of the air bubbles 
into the multi-phase medium is carried out at one 
side surface and a lower portion of said tub. 

17. Awashing method in accordance with daim 14, 
wherein said injection of the air bubbles into the 
multi-phase medium is carried out in radial direc- 
tions. 

18. Awashing method utilizing a lowfrequency oscil- 
lation, comprising the steps of: 

pouring clothes to be washed into a multi- 
phase medium contained in a tub of a washing 
machine, said multi-phase medium consisting of 
a water, a detergent and an air layer; and 

subjecting said multi-phase medium to a 
low frequency oscillation generated by an oscil- 
lator such that a resonance phenomenon is gen- 
erated at a resonance frequency of the multi-pha- 
se medium, and simultaneously applying sonic or 
ultrasonic waves generated from a sonic or ultra- 
sonic oscillation device to the multi-phase me- 
dium such that the resonance phenomenon is ac- 
celerated so as to produce micro air bubbles in 
the multi-phase medium, whereby a washing is 
carried out by a combination of a mechanical en- 
ergy obtained by cavitation phenomena and non- 
linear oscillation of said micro air bubbles and a 
chemical effect of said detergent. 

19. Awashing method in accordance with daim 18, 
wherein said sonic or ultrasonic oscillation de- 
vice oscillates in an oscillating frequency band of 
1 to 50KHZ. 

20. Awashing apparatus comprising: 

a tub containing therein a multi-phase me- 
dium consisting of a water, a detergent and an air 
layer; 

a low frequency oscillator for generating a 
resonance phenomenon in said multi-phase me- 
dium contained in said tub; and 

drive means for low frequency oscillation 
for driving said lowfrequency oscillator. 

21. A washing apparatus in accordance with claim 
20, wherein said drive means for low frequency 
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oscillation comprises: 

a signal oscillating unit adapted to gener- 
ate a transition altitude signal and a frequency 
signal; 

a signal amplifying unit connected to said 
signal oscillating unit and adapted to amplify and 
vary said frequency signal; and 

a linear motor or electromagnetic actuator 
adapted to oscillate said iow frequency osciliator 
in a low frequency band in accordance wi-th sig- 
nals from the signal oscillating unit and the signal 
amplifying unit. 

22. A washing apparatus in accordance with claim 
20, wherein said drive means for low frequency 
oscillation comprises: 

a motor adapted to generate a drive force; 

a crank eccentrically fixed to a shaft of 
said motor such that it rotates eccentrically; and 

a cam operativeiy connected between 
said crank and a drive shaft of said iow frequency 
oscillator and adapted to transmit an eccentric 
rotation force from the crank to the lowf requency 
oscillator. 

23. A washing apparatus in accordance with claim 
20, wherein said low frequency oscillator has a 
plate shape. 

24. A washing apparatus in accordance with claim 
23, wherein said low frequency oscillator has a 
circular plate shape. 

25. A washing apparatus in accordance with claim 
20, wherein said low frequency oscillator has a 
container shape. 

26. A washing apparatus in accordance with claim 
25, wherein said low frequency oscillator has a 
cylindrical container shape. 

27. A washing apparatus in accordance with claim 
25, wherein said crank has an eccentric amount 
of 1 to 12.5mm with respect to said motor shaft. 

28. A washing apparatus comprising: 

a tub containing therein a multi-phase me- 
dium consisting of a water, a detergent and an air 
layer; 

a low frequency oscillator for generating a 
resonance phenomenon in said multi-phase me- 
dium contained in said tub; 

air bubble generating means for supplying 
air bubbles to the multi-phase medium; and 

drive means for low frequency oscillation 
for driving said low frequency oscillator. 

29. A washing apparatus in accordance with claim 



28, wherein said drive means for low frequency 
oscillation comprises: 

a signal oscillating unit adapted to gener- 
ate a transition altitude signal and a frequency 

5 signal; 

a signal amplifying unit connected to said 
signal oscillating unit and adapted to amplify and 
vary said frequency signal; and 

a linear motor or electromagnetic actuator 
10 adapted to oscillate said low frequency oscillator 
in a low frequency band in accordance with sig- 
nals from the signal oscillating unit and the signal 
amplifying unit. 

15 30. A washing apparatus in accordance with claim 
28, wherein said drive means for low frequency 
oscillation comprises: 

a motor adapted to generate a drive force; 
a crank eccentrically fixed to a shaft of 
20 said motor such that it rotates eccentrically; and 
a cam operativeiy connected between 
said crank and a drive shaft of said low frequency 
oscillator and adapted to transmit an eccentric 
rotation force from the crank to the low frequency 
25 oscillator. 

31. A washing apparatus in accordance with claim 
28, wherein said low frequency oscillator has a 
plate shape. 

30 

32. A washing apparatus in accordance with claim 
31, wherein said low frequency oscillator has a 
circular plate shape. 

35 33. A washing apparatus in accordance with claim 
28, wherein said low frequency oscillator has a 
container shape. 

34. A washing apparatus in accordance with claim 
40 33, wherein said low frequency oscillator has a 

cylindrical container shape. 

35. A washing apparatus in accordance with claim 
30, wherein said crank has an eccentric amount 

45 of 1 to 12.5mm with respect to said motor shaft. 

36. A washing apparatus in accordance with claim 
28, wherein said air bubble generating means 
comprises at least one air injection member dis- 

50 posed in said tub. 

37. A washing apparatus in accordance with claim 
36, wherein said air bubble generating means 
comprises a plurality of air injection members dis- 
ss posed along all part of a peripheral surface of 

said tub. 

38. A washing apparatus in accordance with claim 
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36, wherein said air bubble generating means 
comprises an air injection member disposed at a 
lower portion of said tub. 

39. A washing apparatus in accordance with claim 5 
36, wherein said air injection member has a hemi- 
sphere-shape construction having a plurality of 
radially extending ports through which air bub- 
bles are emerged. 

10 

40. A washing apparatus in accordance with claim 
36, wherein said air injection member has a cyl- 
indrical construction having a trapezoidal cross- 
section with an upper surface having a plurality 

of vertically extending ports and an inclined per- is 
ipheral surface having a plurality of ports extend- 
ing in perpendicular to said inclined peripheral 
surface. 

41. A washing apparatus in accordance with any one 20 
of claims 36 to 40, wherein said air injection mem- 
ber or each of said air injection members has a 
plurality of ports each having a diameter of 0.5 to 
5mm. 

25 

42. A washing apparatus in. accordance with claim 
28, wherein said air bubble generating means 
further comprises an air pump or an air compres- 
sor. 

30 

43. A washing apparatus in accordance with claim 
42, further comprising a frequency controller 
adapted to control said air pump or said air com- 
pressor such that an air generated from the air 
pump or the air compressor is injected into said 35 
tub at a resonance frequency. 

44. Awashing apparatus comprising: 

a tub containing therein a multi-phase me- 
dium consisting of a water, a detergent and an air 40 
layer; 

a low frequency oscillator for generating a 
resonance phenomenon in said multi-phase me- 
dium contained in said tub; 

a sonic or ultrasonic wave generating 45 
mechanism mounted such that it is in contact with 
the multi-phase medium so as to oscillate sonic 
or ultrasonic waves in the multi-phase medium; 
and 

drive means for low frequency oscillation so 
for driving said low frequency oscillator. 

45. A washing apparatus in accordance with claim 
44, wherein said drive means for low frequency 
oscillation comprises: 55 

a signal oscillating unit adapted to gener- 
ate a transition altitude signal and a frequency 
signal; 



a signal amplifying unit connected to said 
signal oscillating unit and adapted to amplify and 
vary said frequency signal; and 

a linear motor or electromagnetic actuator 
adapted to oscillate said low frequency oscillator 
in a low frequency band in accordance with sig- 
nals from the signal oscillating unit and the signal 
amplifying unit. 

46. A washing apparatus in accordance with claim 
44, wherein said drive means for low frequency 
oscillation comprises: 

a motor adapted to generate a drive force; 

a crank eccentrically fixed to a shaft of 
said motor such that it rotates eccentrically; and 

a cam operatively connected between 
said cranio and a drive shaft of said low frequency 
oscillator and adapted to transmit an eccentric 
rotation force from the cranio to the low frequency 
oscillator. 

47. A washing apparatus in accordance with claim 
44, wherein said low frequency oscillator has a 
plate shape. 

48. A washing apparatus in accordance with claim 
47, wherein said low frequency oscillator has a 
circular plate shape. 

49. A washing apparatus in accordance with claim 
44, wherein said low frequency oscillator has a 
container shape. 

50. A washing apparatus in accordance with claim 
49, wherein said low frequency oscillator has a 
cylindrical container shape. 

51. A washing apparatus in accordance with claim 
46, wherein said crank has an eccentric amount 
of 1 to 12.5mm with respect to said motor shaft. 

52. A washing apparatus in accordance with claim 
44, wherein said sonic or ultrasonic wave gener- 
ating mechanism comprises a piezo electrical 
transducer unit. 

53. A washing apparatus in accordance with claim 
52, wherein said piezo electrical transducer unit 
has a magneto strictive transducer as an oscilla- 
tion source therefor. 

54. A washing apparatus in accordance with claim 
52, wherein said piezo electrical transducer unit 
has a piezo electrical ceramics as an oscillation 
source therefor. 

55. A washing apparatus in accordance with claim 
52, wherein said piezo electrical transducer unit 
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has a piezo electrical film as an osciiiation 
source therefor. 

56. A washing apparatus in accordance with claim 

44, wherein said sonic or ultrasonic wave gener- 5 
atlng mechanism has a permanent magnet as an 
operating element for oscliiating sonic waves, 
and a stator having a coil wrapped around said 
stator, said coll serving to move said permanent 
magnet when a current flows In the coil. io 

57. A washing apparatus in accordance with claim 
44, wherein said sonic or ultrasonic wave gener- 
ating mechanism has a movable coll serving to 
oscillate sonic or ultrasonic waves when a cur- is 
rent flows In said coil. 

58. A washing apparatus in accordance with claim 
44, further comprising: 

a signal oscillating unit adapted to gener- 20 
ate a transition altitude signal and a frequency 
signal both to be sent to said sonic or ultrasonic 
wave generating mechanism; and 

a signal amplifying unit connected to said 
signal oscillating unit and adapted to amplify and 25 
vary said frequency signal. 
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